A device of mercury liquid bridge of floating half-zone is designed to experimentally explore thermocapillary convection and its instability of a low Prandtl number liquid. Noncontacted diagnostic techniques were developed to monitor surface flow and surface deformation. The surface flow and the influence of a growing surface film (or skin) on the flow were observed. It is shown that the film is a key factor in changing the behavior associated with the thermocapiUary convection. The experiment indicates that the critical Marangoni number should be much higher than that expected by the numerical simulation. The condition and process of surface film growth are disc~. The surface oscillation of the mercury bridge wrapped with "dirt-film" was observed, and the characteristics and the frequency associated with this oscillation are given.
Marangoni convection is driven by non-uniformity of surface tension due to a temperature (or concentration) gradient along the free surface of a liquid. The liquid bridge of the floating half zone is a typical model for simulating the surface tension driven flow of crystal growth processes performed in a floating zone configuration. The steady and oscillatory convection of molten materials during the materials processing is considered one of the main causes for crystal defects and inhomogeneities. The convection driven by buoyancy is inevitable on the ground but is greatly reduced in a microgravity environment. Therefore space material science has become a new research field. In maerogravity the convection driven by surface tension gradient, or thermocapiUary convection, becomes dominant. A great number of publications are devoted to the thermocapillary convection and its instability in the past two decades. However, most experimental work on this area is limited to transparent liquids with Prandtl (Pr) number around 1 or larger [1-51 . On the other hand, from the view of applications, melts of semiconductors, metals or alloys are related to the behavior of liquids having low Prandtl numbers. ;l'hese liquids are basically opaque, so the ex-perimental methods used for transparent media are inapplicable to these liquids. In addition, most of such media have a high melting point, large surface energy, strong absorption on the surface, and thus the surface is highly sensitive to impurities. Because of experimental difficulties, only a few on thermocapillary convection and its instability of low Pr liquid in literature are available [6-t3J . Particularly, there has never been any report regarding the experiment on a liquid bridge in a floating half-zone of low Pr fluid. The present work is devoted to this blank area of experiment.
Experiment set-up
The liquid bridge consisting of highly purified mercury, in which the impurity-copper content is less than 10 -6, was adopted as the experimental-medium, and the physical properties of mercury are listed in table 1. Since oxidation of the mercury surface in air and absorption of other gases to the surface will result in change in the surface tension [14' ls], the system of floating halfzone is sealed in a glass tube filled with highly pure N2 ( the impurities in it are less than 0. 001% ). The mercury bridge is held by surface tension between two coaxial cylindrical copper (impurities Fe, Pb and Zn contents in copper material are less than 10-6% ) rods of do = 3 mm in diameter. To improve wettability of the rod material to mercury, the end surfaces of the copper rods are treated with a special procedure. The upper rod is heated with temperature-controlled heater, and the lower end is cooled with ice-water during our experiment. To avoid disturbing the behavior of fluid in the liquid bridge, the temperatures at both ends are measured by copper-constantan thermocouples going through holes inside of copper rods. Table 1 The dynamic Bond number is defined as
where p is the density of the liquid, g, the gravitational acceleration, h, the height of the liquid column, r, the expansion coefficient and a'r the gradient of surface tension with respect to the temperature. Ba indicates the importance of the buoyancy with respect to the gradient of surface tension. To reduce the influence of the gravity, h is controlled within 3 mm (Ba< 1.14).
It is impossible to display an inside flow of an opaque mercury bridge with the visualization technique usually used for transparent media. We have adopted two techniques to detect a defor-
